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IMPLEMENTATION

Arkansas soils classified A-4 or A-6 may now be used in rigid pave-
ment design by determining the CBR at field moisture. Design nomographs
modified from the 1972 AASHTO Pavement Design Guide can be used directly
with CBR in the same way K-value is used.

Use of CBR at field moisture will save time and cost less than the

field plate bearing test.
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GAINS, FINDINGS, AND CONCLUSIONS

The following 1list includes the primary gains and conclusions of

this study:

10

A correlation exists between K-value and CBR at field moisture
content for A-4 and A-6 soils. The relation is K = 13.8 CBR +
80.6. Care should be used when using this relation because it

is based only on seven data points.

No relation was found between K-value and R-value or Resilient

Modulus.

No relation was found between K-value and ASTM standard CBR or
between K-value and CBR at field moisture when A-2 soils were
included. A-2 soils may have failed to correlate because of the

necessary removal of particles over 0.75 inches.

A relation between R-value and ASTM standard CBR was found for

A-2-4 soils. The relation is CBR = 0.317 R + 3.701.



SUMMARY OF IMPLEMENTATION

Practical Application: Correlation of CBR at field moisture content
with K-value provides designers of rigid pavements with an alter-
native test to the plate bearing test for AASHTO A-4 and A-6

classified soils.

Recommended Procedure: Use of Figures 4.20 and 4.21 are recommended
because they are based on the Tower 90% confidence 1line of the
correlation and therefore will be conservative 95% of the time. The
figures should only be used for CBR values at field moisture content

(not at optimum moisture as ASTM requires).

Benefits: The use of CBR at field moisture content takes less time and

is less costly than the field plate bearing test.
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Chapter 1
INTRODUCTION

Arkansas Highway and Transportation Department uses the "AASHTO
Interim Guide for Design of Pavement Structures," 1972, for designing
rigid or concrete pavements.

Rigid pavement design requires the evaluation of the terminal ser-
viceability index (Pt)’ equivalent 18-Kip (80 kn) single-axle loads, the
modulus of subgrade reaction (K-value), and the working stress in the
concrete (ft)'

Westergaard's modulus of subgrade reaction (K-value) is a critical
element in the design of rigid pavements. K-value is determined from
the Plate Bearing Test (PBT), an expensive and time consuming test
costing from $1,000 to $5,000 per test in 1981. This study attempts to
correlate the modulus of subgrade reaction (K-value) with more economi-

cal and less time consuming laboratory tests, the California Bearing

Ratio (CBR), Hveem Stabilometer (R-value), or Resilient Modulus (MR).



Chapter 2
LITERATURE REVIEW

Subgrade Reaction, K

The 1972 AASHTO Interim Guide for Design of Pavement Structures (p.
30) defines Westergaard's modulus of subgrade reaction, K, as "the load
in pounds per square inch on a loaded area divided by the deflection in
inches of that loaded area". Subgrade reaction in this design guide is
determined by plate loading tests performed per AASHTO T222 using a
30-inch diameter plate.

The AASHTO test for K requires forces up to 25,000 pounds. The
force may be provided by: two loaded dump trucks with a beam between
them, a beam spanning 16 feet between two anchors placed in the soil, or
a loaded flat bed truck with sufficient clearance for load measurement
equipment. Because of the load requirements, the tests are expensive
and time consuming (Oglesby, 1975, p. 653).

In order to save the time and expense of the subgrade test, correla-
tions with K-value or R-value like those shown in Figure 2.1 published
by the Portland Cement Association (PCA, 1973, p. 27) are widely
employed.

Estep and Wagner (1968, p. 214), however, believed that the PCA
chart was constructed by comparing K-value and R-value with California
Bearing Ratio (CBR).

Recent attempts were made to permit the use of smaller and therefore
more economical plates. Butterfield and Georgiadis (1981, p. 60) pro-
pose "a new procedure for interpreting plate-bearing test that allows
the complete nonlinear pressure vs. displacement curve to be described

in terms of stiffness that are quite independent of the plate size".



CALIFORNIA BEARING RATIO - ¢8RN

3 4 5 6 T 89 10 15 20 25 30 40 S0 60 70 80 90100
B T T T T ) T T : 1 y T T T 1
[l | 1 ' ! 1 i | (z) i i ! l , 1
ASTM SOIL CLASSIFICATION SYSTEM 5o e
(Unified Classification) =z oM ' =
Sw i
oM
RN 2
SC
OH { ML 1
CH 1 N J |
- 2] |
C MH '
| | \ | {
AASHO SOIL CLASSIFICATION™ ] |
A-i=g -
A-t-n L i
| A-2-4,  A-2-5 <=
| A-2-8 —a-2.7 ]
! )| A-3 )|
A-3 T i
C A-5 T 1 7
13 A-5 1
A-i-3 A-7.8 ]
| | | | | | | !
‘ ' e | |
FEDERAL AVIATION ADMINISTRATION —— I -
(4 : E-2 b3
SOIL CLASSIFICATION r et —3
I T T
| £-3 ] |
F5 |
.7 ]
il .1
— £-93 P
I F-0 ]
ot |
| , |
. |
| ‘ | ! | | |
RESISTANCE VALUE — R!® '
20 30 40 ' ' 5‘01 55 60 ‘ !
| N 1] K ' ' I | | 1
1 | 1 | . | )
MODULUS OF SUBGRADE REACTION -k psi per in.(s’i
100 150 200 250 300 400 500 600| 700 | 800
| | l | I |1
] | i
’ BEARING VALUE , psﬁ”[
(30-in.diameter piate , 0.l-in deflection )
10 ’ 20 30 l 40 ' 50 60 70
T ¥ v T T T
| |l | | | | | o
[ [ | i | '
f j 'CAL!FORNM BEARING RATIO- CBR, ||
| il ! ! o L
2 3 4 5 & 7 89 I0 5 20 25 30 40 50 60 70 8050 100

(1) For the bauc 1dea, sew Q. J. Porter, “Foundations for Flexible Pavements,”
1942, Vol. 22, panes 100-136.

(2) “Characteristics ot Soi Grouos Pertaiming to Roads and Asrfieids,’
Tecnhnical Memarangum 3 357, 1953,

(31 “Classificaion of Highwav Sutuwade Materiais,” Highway Researcn Board lrocccedings of the Mwentv-fifth
(&) Lieperet Pavime, US. Department ot Commerce, F
Auwrpewt Pavernenes

(S) F N Hueem. A New Approach tor Pavement Design.*
Cairtornia Staniome rer Method ot Design

(6] See T A Miailetrooks ana G. € Bertram,
Annuat Merung, 1942 vor 22,

(7) Sew vtem (6), sage 184

“'Sout Tests tor Design of Hunway Pavements, ™

0age 152. & 15 13ctor used 1n Westergaara's analvais 10r gesign of concrete paverment

Figure 2.1 Approximate interrelationships of soil classifications and

bearing values.
(PCA Soil Primer, 1973, p. 27)

* Highway Research Board lrucecdings of the Twentvesceond Annual Mecting,
* Appendix B8, The Unifucd Sud Classification Svstem, US. Army Corps of Enqineers

Annnul Mlectine, 1945, Vol. 25, pages 376.332
eaeral Aviauion Agency, May 1948, pages 11.16. Estimateq usINg vatues given i FAA Devign Mannul 1or

* Enancering News Record, Vot 181, No. 2, July 8, 1948, pages 134-139. K s factor used n

Highwav Research Board /'ruccoedines Of the Fwenty woond



Unfortunately, the model requires conventional plate tests on plates of
two different sizes.

The AASHTO subgrade reaction test is not usually conducted under the
worst possible field condition, i.e. when the soil is saturated. "To
simulate the effects of saturation, two samples of the subgrade are sub-
jected to a short term laboratory consolidation test of 10 psi, one in
the original condition and one inundated. The ratio of the "as is"
settlement to the inundated sample is multiplied by the field K factor

to obtain a K value that is corrected for saturation" (Sowers & Sowers,

1970, p. 249).

Resilient Modulus, MR

The resilient modulus is determined from a Repeated-Load
Triaxial-Compression Test. In this test the resilient modulj
correspond to recoverable or resilient deformations (Seed, et.al.,

1967, p. 20).

Stress Amplitude
MR = Strain Amglitude (Lottman, 1976, p. 50)

where,

stress amplitude
strain amplitude

load/area of the specimen
recoverable deformation/original height

Factors which affect MR include the following (Table 2.1): 1load or
stress duration, load frequency, grain size, void ratio, degree of
saturation, confining pressure, and stress level (Seed, et.al., 1967, p.
24; Majidzadeh, 1978, p. 134; Lottman, 1976, p. 55). In a summary of
these factors, Seed, et.al. (p. 24) stated, "The rate of load applica-

tion, although having an influence, is not of major importance - a

reasonable loading rate consistent with moving traffic can be utilized.



TABLE 2.1

Factors Affecting the Resilient Modulus

Stress Duration
Frequency
Grain Size

Void Ratio

Saturation
Confining Pressure

Stress Level

M, increases slightly when time of
10ad application is reduced

increases with increased frequency
of load application

M% - moisture and density relation is
dependent on soil type

Granular soil samples tend toward the
same void ratio after several hundred
load repetitions

M, decreases by a factor of 4 as a
r%su1t of saturation

Increases in confining pressure
result in large increases in MR

Stress level has 1little effect on
M, so long as the sample has little
pﬁastic deformation



Frequency, on the other hand, may influence results significantly, and
some indication of the frequency of load applications should be con-
sidered. A representative number of repetitions consistent with the
field conditions should also be used. The major difficulty is to define
the stress condition under which the resilient behavior of the material
should be measured®.

Hsu and Vinson, 1981, also found that the confining pressure has a
significant effect on the resilient modulus associated with cohesionless
subgrade soils.

According to Medina and Preussler, 1982, as the compactionfmoisture
content increases, the resilient modulus decreases. Meaina and
Preussler, 1982, also presented a tentative classification according to

resiliency for sandy and clayey soils.

California Bearing Ratio, CBR

CBR is an index of strength and deflection characteristics of a soil
that has been correlated with pavement performance (Sowers & Sowers,
1970, p. 249). The test is performed on soil confined in a steel
cylinder 6 inches in diameter and 5 inches thick. A 1.9 inch diameter
piston is then forced into the soil. The CBR is the percentage of the
soil load required to produce a 0.1 inch deflection compared to a stan-
dard crushed stone.

A poor correlation between subgrade support and CBR under field con-
ditions was reported by Kondner and Krizek (1972), p. 578). A curve of
the relation with data shown is given in Figure 2.2.

The report in 1957 by Nascimento and Simones to the Fourth

International Conference on Soil Mechanics was more encouraging (p.
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166-168), "The conclusion is drawn that the modulus of subgrade reac-
tion, Ks’ is 1/8 to 1/4 of CBR for soft material and 1/8 to 1/3 of CBR

for hard materials".

Hveem Stabilometer, R

The R-value is a number expressing the measure of a soil's ability
to resist the transmission of a vertical load in a lateral direction
(Hines, 1978, p. 1.). Details of the test method are contained in ASTM
D 2844 or AASHTO T-190.

Attempts in California to confirm the relationship of K vs. R-value
as shown in Figure 2.1 were reported in 1968 by Estep and Wagner (p.
214). The attempts, however, were not completely successful, "When k-
value was plotted vs. R-value, no direct correlation was found as had
been predicted. However, we were able to develop a curve which lies at
or below the minimum k-values measured for various R-values".

Based on the work of Estep and Wagner, Nielson, et.al. (1969, p. 6)
proposed the following relationship between k-value and R-value:

K = 0.401 + 2.546R - 0.042R" + 0.0008R"
Nielson's equation, based on a least squares fit of a polynomial
equation, was accompanied by a figure showing considerable scatter in
the data. Nielson's figure is unfortunately not suitable for reproduc-
tion.

Attempts have been made to correlate R-value with other tests, espe-
cially the resilient modulus MR. Buu (1980, p. 20) working in Idaho
found a good correlation between MR and R-value for coarse grained soils
with the coefficient of correlation r = 0.906. According to the corre-

lation, for coarse grained soils with low plasticity:



My = 1.455 + 0,057 (R-value)
The correlation for fine grained soils, however, was poor with a coef-
ficient of correlation r = 0.330. For fine grained soils for moderate
or high plasticity and R-value higher than 20:

MR = 1,601 + 0.038 (R-value)
Dr. Gary Hicks along with Dr. Ted Binson are currently (January, 1982)
finishing some tests for the Oregon DOT which were begun by Gregg. They
reported verbally that no correlation was found between MR and R-value.
Hines (1978), p. 26) in a study for the Colorado Division of Highways
reports a good coefficient of correlation; r = 0.874 for section aver-
ages and r = 0.768 for pooled results. Hines' report comments,
"However, there is poor agreement with the present correlation. In both
cases the regression line is shifted to the left of the present correla-
tion. This could be caused by low laboratory moduli resulting from low
confining pressures" (Hines, 1978, p. 26). Figures 2.3 and 2.4 are the
figures taken from Hines' report.

In a direct warning that the R-value may not be suitable, Dr. Wayne
Heiliger (1971) stated in his dissertation abstract, "An investigation
of high strength pavement components disclosed that the R-value test
equipment and procedure is not valid for materials which possess high
resistance to 1lateral deformation". This warning 1is particularly
disturbing because the dissertation is titled "Adaptation of the General

AASHO Road Test Equation to Arkansas Conditions".

Other Tests
Attempts have also been made to correlate the subgrade reaction K

with other tests. The modulus of elasticity was suggested by Vesic



10

(T€ *d “8/6T “S8ULH wouy) mZ "SA dn|eA-Y g2 d4nbL4
sy ¢ () Xu_mcmb pue 8un}soy plat4 3e SN|Npol A40jedoqe’)

01y

2

ra113) qUasal _I.I'.\

~————— {Niy* =1) Byep JOo 1) jua3

ot

(o)}

0$

oL

0

R Value at Field Moisture and Density
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1

(Winterhorn and Fang, 1975, p. 517) and Carothers (1964, p. 32). Myers
and Kinchen (1972, p. 16) suggest a correlation with the Dynaflect test.

Butt, et.al. (1968), p. 70) suggest a sphere bearing test.
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Chapter 3
FIELD AND LABORATORY INVESTIGATIONS

In November, 1981, the field investigation was started. During the
period of late November and early December, 1981, the Plate Bearing
Test, Field Density, and sample collection for laboratory investigations
were performed in the field.

The laboratory investigations started in early January, 1982, and
continued for the following eight months.

California Bearing Ratio, Resilient Modulus, and Hveem stabilometer
(Resistance Value) were performed in the laboratory on the compacted

samples.

Sites

The research committee decided to conduct the field investigations
at ten different sites. The committee also recommended that the sites
be representative Arkansas soils as well as variable in strength. The
ten sites selected by the Arkansas Highway and Transportation Department

(AHTD) are shown in Figure 3.1.

Plate Bearing Test

The Plate Bearing Test was performed by Test Inc., a soil testing
firm from Memphis Tennessee.

For the purpose of performing the Plate Bearing Test a trailer truck
is needed to provide a reaction load. The AHTD, Arkansas Highway and
Transportation Department, furnished a trailer truck with gross weight

of 68,000 1bs (Figure 3.2). Test, Inc., furnished the rest of the
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Figure 3.2 Trailer truck used for Plate Bearing Test

Figure 3.3 Set-up of the Plate Bearing Test

15
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equipment needed to perform the Plate Bearing Test including a 100 ton
jack and the 30 in. diameter bearing plate (Figure 3.3).

A total of sixteen Plate Bearing Tests were performed at ten sites.
At six of the sites two Plate Bearing Tests were conducted (Figure 3.1)
in order to check the variation between the Plate Bearing Test at a
site. The second tests were performed approximately 20 to 30 ft. away
from the first tests. A1l of the tests were performed on fill subgrade
still under construction.

Except for one modification, the Plate Bearing Test was conducted in
accordance with AASHTO T222-66 (1974) (the same as ASTM D1196-61 1971).
The AASHTO specifications call for 18 ft. long deflection beams which
should rest on supports located at least 8 ft. from the circumference of
the bearing plate, nearest wheel, or supporting leg. Wind blowing
against the deflection beams caused disturbance in the deflection
readings. In order to reduce the disturbance, 10 ft. long deflection
beams were used instead of 18 ft. beams. Figure 3.4 shows the Plate
Bearing Test in progress using the 10 ft. long beams. Plots of load
versus deflection are presented in Appendix A (Figure A-1).

Field density and moisture content were measured by nuclear density
gages at 3 ft. from the circumference of the bearing plate. The

nuclear density gages were furnished by the AHTD.

Sample Collection and Preparation

Disturbed samples for laboratory investigations were collected at 3
ft. from the circumference of the bearing plate by the AHTD. At the end
of the field investigation, the samples were delivered to the Soil
Mechanics Laboratory of the University of Arkansas, Fayetteville campus,

by the AHTD.



Figure 3.5 Penetration Test on CBR samples
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The samples, approximately 120 1bs to 200 1bs each, were oven dried

at 140°F. Oven dried samples were disaggregated with a rubber pestle.

Classification

Grain size analysis, liquid limit, and plastic limit were performed
in order to classify the soils. Sieve analysis results were adequate
for classification, therefore, no Hydrometer Analysis was conducted.
The samples were classified in accordance with AASHTO and UNIFIED
classification (Table 4.2). Classification ranged from A-2-4 to A-6 by
the AASHTO system.

Specific gravity of the material passing the No. 4 (0.187 in.) sieve

was obtained for each sample (Table 4.2).

California Bearing Ratio (CBR)

CBR is a bearing ratio determination of the laboratory compacted
soil samples to that of a standard material (crushed stone).

The standard proctor compactive effort (5.5 1b hammer/12 in. drop/3
layers) was used to compact the samples in accordance with ASTM D 698-70
(6 in. mold/soil material passing a 3/4 in. sieve). Prior to compac-
tion, the soil samples were mixed with water and stored in a 100% rela-
tive humidity moisture chamber for 24 hours. The specimens were
compacted using a Rainhart automatic laboratory compaction apparatus
with a sectorfaced hammer.

The bearing ratio was determined in accordance with ASTM D 1883-73.
This method covers the evaluation of the relative quality of subgrade
soils.

To determine the bearing ratio a 1.9 in. diameter piston is

pushed 0.5 inch into the specimen at a rate of 0.05 inch per minute.

(Figure 3.5).
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The bearing ratio is calculated in the following manner: Using the
load values (in psi) taken from the load-penetration curve for 0.1 in.
and 0.2 in. penetration, the bearing ratios for each is calculated by
dividing the loads by the standard loads of 1000 psi and 1500 psi
respectively, and multiplying by 100.

The common practice is to soak the CBR specimens for a period of 96
hours in order to saturate the samples and measure the swelling of the
soil. But, in order to reproduce the unsaturated field condition at the
time of the plate bearing test, the penetration was performed on the
unsoaked specimens immediately after the compaction. During the
penetration test a surcharge weight of 10 1bs was applied to the speci-
mens (Figure 3.5). Load-penetration curves for three specimens (below,
at, and above optimum moisture content) are presented in Appendix A

(Figure A-2).

Resilient Modulus (MR)

The resilient modulus is the ratio of deviator stress to resilient
axial strain. The MR test is a dynamic test.

A standard procedure to conduct the Resilient Modulus test does not
exist at the present time. The method used in this study follows, with
minor modifications, the "Suggested Method of Test for Resilient Modulus
of Subgrade Soils," prepared by the Department of Civil Engineering of
the University of Idaho at Moscow, Idaho for the Idaho Transportation
Department, Division of Highways, Boise, Idaho. This method, with minor
correction, 1is expected to be approved by the AASHTO Materijals
Committee. The Resilient Modulus method used is described in Appendix B

in detail.
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The specimens for MR tests were compacted by static compaction to
the same density and moisture content that existed in the field at the
time of the Plate Bearing Test. The method of static compaction used is
described in detail in Appendix B..

The mold (2.75 in. inside diameter and 6 in. high) and piston used
to prepare the MR specimens are shown in Figure 3.6. The three layer
(2 in. each) specimens were compacted with a constant displacement rate
of 0.05 in. per minute (Figure 3.7). Prior to compaction the soils were
mixed for the desired moisture and stored in a 100% relative humidity
moisture chamber for 24 hours. After compaction the samples were stored
in the moisture chamber for 24 hours again prior to the testing.

The soil samples were divided into two categories. The soils with
PI of 10 or more (cohesive) and soils with PI of 1less than 10
(granular).

The various combinations of the chamber pressures (03) and deviator
stresses (od) that were applied to the cohesive and granular residual
modulus samples are presented in Table 3.1. At each of the chamber
pressures, 200 repetitions of a4 Were applied.

A haversquare pulse load (0.1 second load duration) at 30 repeti-
tions per minute was used to apply the deviator stress. Loads were
applied with an MTS 810 machine (Figure 3.8). Prior to testing, samples
were conditioned with loading applications (Appendix B).

At the 200th repetition the residual, €. Was recorded. MR was
calculated by dividing 9y by €pe Plots of MR versus the sum of prin-

ciple stresses (8 = oy * 303) are presented in Appendix A (Figure A-3).



Figure 3.6 Mold and piston used for compaction of
Resilient Modulus samples

Figure 3.7 Static compaction of Resilient
Modulus samples

21
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Table 3.1 Applied Stresses in Residual Modulus Test

Cohesive Granular
T3, Psi o4 psi o3, psi 4 psi
6 1,2,4,8, and 10 20 1,2,5:10, and 20
3 1,2,4,8, and 10 15 1,2,5,10, and 20
0 1,2,4,8, and 10 10 1,2,5,10, and 15
5 1,2,5,10, and 15

1 1,2,5,7.5, and 10
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Hveem Stabilometer (R-value)

The Hveem Stabilometer measures the resistance offered by a soil to
transmission of a vertical load in a lateral direction. The resistance
or R-value is expressed as the ratio between the lateral transmitted
pressure and a vertical pressure of 160 psi which is applied with a
testing press (ASTM D 2844-69[75]).

Because the AHTD uses materials which pass the No. 4 sieve for R-
value samples, materials passing the No. 4 sieve were used in this
study. R-value samples were mixed with water and stored in a 100% rela-
tive humidity moisture chamber for 24 hours prior to compaction.

The samples were compacted by means of a mechanical kneading type
compactor (Figure 3.9). The mechanical compactor manufactured by GEO.
R. LUCAS consolidates the material without static compression or
damaging impact; instead a series of individual impressions are made.
The kneading ram has a face shaped like a sector of a 4 in. diameter
circle. At each application of the ram a pressure of 350 psi is applied
over an area of 3.1 square inches. This pressure is maintained for
approximately 1/2 second (Grubbs and Roberts, 1966, p. 7).

At least three specimens with different moisture contents were com-
pacted. After conpaction the exudation pressure was obtained for each
of the R-value samples by use of the exudation indicator device (Figure
3.10).

The R-value samples were forced from the mold into the Hveem
Stabilometer (Figure 3.11). Vertical load (Pv) was applied and the pro-
duced horizontal pressure (Ph) was determined. Then the lateral displa-
cement (D) of the sample was measured by applying horizontal pressure.

The R-value was determined by the following equation:



Hveem Stabilometer

Figure 3.11

Figure 3.10 Exudation pressure indicator

25
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R =100 - G ;OO 2.1
—J_-( v - 1) +1
DAPy
where: P =160 psi (2000 pounds)
Ph = horizontal pressure at Pv = 2000 pounds
D = Displacement due to horizontal pressure (number of

turns)

Plots of R-values versus exudation pressure are presented in

Appendix A (Figure A-4),
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Chapter 4
RESULTS AND DISCUSSION

Modulus of Subgrade Reaction (K-value)

K-value represents the load in pounds per square inch on a loaded
area divided by the deflection in inches of that loaded area (AASHTO,
1972). K-value is obtained from the Plate Bearing Test (PBT), where
load up to 25,000 1bs is applied to a 30 in. diameter plate resting on
the top of the subgrade soil by jacking against a fixed beam provided by
a trailer truck or two dump trucks connected by a beam. The PBT was
performed in accordance with AASHTO T222-66 (1974) which is the same as
ASTM D1196-64 (1971).

The deflection was recorded by two dial gauges accurate to 0.001 in.
set opposite from each other (Figure 3.3). The average of the two dial
gauge readings is used for all calculations.

Sixteen Plate Bearing Tests were performed at ten sites. Two tests
were performed at six of the ten sites and one test at four sites. At
site N-1 (Nashville), the edge of the plate came up when the load was
removed. One of the possible explanations is that the jack used to
apply the load was not properly centered. Therefore, eccentricity, of
the load, might have caused the negative rebound. As a result, sample
N-1 was removed from the study.

The K-value, total deflection after rebound, field moisture content,
and dry density for all samples are presented in Table 4.1.

The highest K-value obtained is 667 psi/in. for a sandy-clay soil

classified as A-2-4 (AASHTO), and the Towest is 96 psi/in.afor a
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clay-silt soil classified as A-4 (AASHTO). Generally, higher K-values
were obtained at sites with higher density.

The results of the Plate Bearing Tests, in the form of
Load-Deflection plots, are presented in Appendix A (Figure A-1), A
linear regression was determined and plotted for each of the
Load-Deflection results. The slope of this linear regression divided by
the cross-section area of the bearing plate (706.80 1n2) is the Modulus

of Subgrade Reaction (K-value).

Classification

The soil samples were classified in accordance with AASHTO and
UNIFIED Classification Systems (Table 4.2). The classifications ranged
from A-2-4 to A-6 (AASHTO) and from SM to CL (UNIFIED) representing a
wide range of material.

Specific gravity (GS) of all the samples of material passing through

No. 4 sieve were obtained in accordance with ASTM D854 (Table 4.2).

California Bearing Ratio (CBR)

CBR is the bearing ratio of a laboratony;compacted soil specimen
which is tested by comparing the penetration load of the soil to that of
a standard material (crushed stone with standard loads of 1000 psi at
0.1 in. and 1500 psi at 0.2 in. penetration).

CBR was conducted according to ASTM D1883-73. Several specimens
were prepared and compacted in order to determine the maximum density
for each soil. Penetration tests were performed on unsoaked specimens
immediately after compaction. Although the soaked method of CBR is more

commonly used, the test sites were not saturated at the time of the
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Plate Bearing Test. Therefore, the penetration test was conducted on
the unsoaked specimens in order to more nearly simulate field
condition.

The samples from Fayetteville (F-1), Little Rock (LR-1), and Russell
(R-1) sites were depleted in preliminary tests. AHTD obtained addi-
tional samples needed to continue the laboratory investigations on F-1,
LR-1, and R-1 samples. LR-1 and R-1 samples, obtained later, were simi-
lar to the original samples collected during the field investigation and
classified the same as the original samples. Sample, F-1, however, was
a different material than the original F-1 sample collected during the
field investigations and was not used in the study. The penetration
test for the F-1 sample was performed on the remolded original sample.

Eight of the CBR values obtained showed higher values of CBR at 0.2
in. penetration than 0.1 in. penetration (Table 4.2). The bearing
ratio reported for the soil is normally the one at 0.1 in. penetration.
ASTM D1883-73 specifies that if the value of CBR at 0.2 in. penetration
is greater than CBR at 0.1 in. penetration, a second test should be run.
From the results of the second test the higher CBR value (at 0.1 or 0.2
in. penetration) should be reported. At this time the original samples
stored in the laboratory were used to the point that a retesting of the
CBR with unused soil would not leave any sample to continue the investi-
gation. Therefore, CBR is reported at 0.1 and 0.2 in. penetration.
CBR at 0.1 and 0.2 in. penetration for all the samples are presented in
Table 4.2.

The plot of the penetration test results for three specimens of each

soil sample are presented in Appendix A (Figure A-2).
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Resiliert Modulus (MR)

The Resilient Modulus, MR’ is a dynamic test response defined as the

ratio of repeated axial deviator stress, T ygs to the recoverable or resi-

lient axial strain, €ns OF:

My = 4.1

(Rada and Witczak, 1981, p. 1)

Resilient Modulus samples were compacted by static compaction.
Static compaction provides better control of the sample density than any
other method of compaction. Static compaction is described in detail in
Appendix B.

Resilient Modulus samples were prepared at the same density and
moisture content as existed at the Plate Bearing Test sites.

The resilient deformations generally stabilize before 100 repeti-
tions of load. Therefore, the Resilient Modulus is computed after 200
repetitions (Rada and Witczak, 1981, p. 1). A haversquare pulse load
(0.1 second load duration) at 30 repetitions per minute was used for
loading the Resilient Modulus sample. The Resilient Modulus is reported

in the form of:
Ky

K, 8 4.2

where

"R
"

Resilient Modulus, psi

8 Sum of principal stresses, psi

K, and K,

Regression constants

Ky and K, depend upon the material type and physical properties of

the specimen during the test (Rada and Witczak, 1981, p. 1).
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By varying the chamber pressure, (o3), and the deviator stresses,
fﬂd), a series of MR values were obtained for every sample. My values
were plotted versus 6's on a log-log graph to obtain K, and K, constants
from the regression analysis (Figure A-3). The values of K, K, and
MR at & = 15 psi for each sample are presented in Table 4.2.

Rada and Witczak (1981, p. 4) observed that for granular materials a
correlation between increasing K, and decreasing K, values exists
(Figure 4.1). The number of MR tests in this study (15) was low com-
pared to that of Rada and Witczak's, yet the same type of correlation
between K, and K, values was observed (Figure 4.1). Rada apd Witczak
(1981, p. 6) also state that the range of K; (and hence K,) within a
given class of soil appears to be significant.

Generally the plot of MR versus 6 at higher chamber pressures (o3 =
15 and 20 psi for granular soils) shows irregular results (Figure A-3).
A better relationship exists between MR and 8 at Tlower chamber
pressures. The plots of MR versus 8 indicate that at higher chamber
pressures a larger negative slope exists than at lower chamber pressures
(Figure A-3). To show the change of the slope at different chamber
pressures, three arbitrary curves are plotted at the three lower chamber
pressures, o3 (o3 = 1, 5, and 10 psi for granular soils and o3 = 0, 3,
and 6 psi for cohesive soils) for all samples (Figure A-3). However,
higher MR values were obtained at 1lower deviator stresses 94
regardless of the chamber pressure value (o3).

Hveem Stabilometer (Resistance, R-value)

The ability of the soil to resist plastic deformation is measured in

terms of R-value (Howe, 1961, p. 5).
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The R-value test was performed under the guideline given by the ASTM
D2844 (same as AASHTO T-190). The samples for the R-value test were
prepared by kneading compaction with the material passing No. 4 sieve.
At least 3 specimens with different moisture contents were prepared from
each sample.

R-value versus exudation pressure curves are presented in Appendix A
(Figure A.4). R-value is reported at exudation pressure of 240 psi in
AHTD specifications. The 240 psi exudation pressure is used because it
was found to agree best with the results obtained at the AASHTO road
test (Clements, 1967, p. 9).

Since R-value tests were conducted for the standard 300 psi, some of
the 240 psi values had to be obtained by extrapolation. Table 4.2 pre-
sents the R-values obtained from the graph of the R-value versus exuda-
tion pressure (Figure A-4) at 300 psi exudation pressure. The R-values
at 240 psi exudation pressure are presented in Table 4.3. The dif-
ference in R-value for samples J-1 and J-2 are similar for 300 psi and
240 psi and cannot be explained by extrapolation.

Howe (1961) showed that the stabilometer primarily reflects the
internal friction factor and the effect of clay lubricity (Figure 4.2).
Samples D-1, R-1 and R-2, which are classified as CL by UNIFIED classi-
fication system, have the lowest R-values obtained in this study (Table
4.2).

DISCUSSION
Results from the Modulus of Subgrade Reaction (K-value), California

Bearing Ratio (CBR), Resilient Modulus (M and Hveem Stabilometer

r)
(R-value) were analyzed using the Statistical Analysis System at the
University of Arkansas Computer Center. The computer made the eva-

Tuation and plotting of the results easier and more accurate.



Table 4,3. R-values at 240 psi exudation pressure

Sample R-value
A-1 16.4
A2 13.7%
D-1 12.7
E-1 28.2"
E-2 37.2
F-1 17.9
J=1 72.1
=2 26.8"

LR-1 15.3
N-2 71.7
R-1 12.0
R-2 13.0

$s-1 22.2

§TG~1 20.8"

STC-2 16.3

*by extrapolation

36
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The plots of K-value versus CBR at 0.1 and 0.2 in. penetration
[Figures 4.3 and 4.4 respectively), indicate no correlation. The corre-
lation in these Figures is so poor, it is unlikely that the use of
remolded sample F-1 would change the results. CBR was determined in
accordance with ASTM standard D 1883. No correlation was found between
K-value and Resilient Modulus. Resilient Modulus (MR) is usually pre-
sented in the form of M, = KleKZ. Figures 4.5, 4.6 and 4.7 show K-value
versus K,, K,, and MR at 8 = 15 psi, respectively. Fifteen (15) psi was
chosen because it is common to all of the samples and MR at this 8 shows
the best relation with K-value. In the plot of K-value versus
K, (Figure 4.,5), a concentration of results exists at the lower left
hand part of the plot. The K-value versus K, plot (Figure 4.6) and K-
value versus MR at 8 = 15 psi (Figure 4.7) show similar distribution of
results.

The plot of K-value versus R-value at an exudation pressure of 300
psi (Figure 4.8) has no correlation. A plot of K-value versus R-value
at an exudation pressure of 240 psi (not shown here) has a similar
result distribution. Some R-values at 240 psi exudation pressure were
obtained by extrapolation.

Based on observation and straightline regression, no relation bet-
ween K-value and CBR, MR’ or R-value was found. Sub-relationship bet-
ween K-value and laboratory test results such as soil classification,
liquid limit, plasticity index, percent passing No. 200 sieve, percent
passing No. 4 sieve or density of the sample were also investigated. An
example of a sub-relation check is a K-value plot versus CBR plot which
has contour lines for classification (not shown here). No relationship

was found.
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STATISTICAL ANALYSIS

The "Statistical Analysis System" (SAS), a computer package
available to computer users at the University of Arkansas, was used to
perform the statistical analysis. SAS is a computer system for data
analysis developed by SAS Institute. SAS provides: information storage
and retrieval, data modification and programming, report writing, sta-
tistical analysis, and file handling for the users (SAS User's Guide,
1979, p. 3).

The investigation of any correlations between field and laboratory
tests included correlation coefficients. Correlation coefficient, r, is
a measure of association between two variables (Cooper, B.E., 1969, P,
206). A correlation usually exists when the squared correlation coef-
ficient (rz), is 0.7 or greater.

Spearman and Kendall Tau B correlation coefficients were also used
to investigate any correlation between K-value and 1laboratory test
results. Spearman's coefficient of rank correlation measures the degree
of correspondence between ranking, instead of between actual variate
values, but it can still be considered a measure of association between
the samples and an estimate of the association between X and Y in the
continuous bivariate population (Gibbons, 1971, p. 226). Kendall Tau B
is a measure of association between random variables from any bivariate
population (Gibbons, 1971, p. 209).

The CORR procedure which SAS provided computes correlation coef-
ficients between variables, including Spearman and Kendall Tau B corre-
lation coefficients and the significance probablity of the correlation
(SAS User's Guide, 1979, p. 173). Significance probability provides an
intuitive indication of the strength of the evidence against the

hypothesis (H) since it is the probability (under H) of getting a value
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of the test statistics as extreme as or more than the observed value

(Lehmann, and D'Abrera, 1975, p. 11).

Standard Tests

Spearman and Kendall Tau B coefficient of correlations for K-value
versus CBR at 0.1 and 0.2 in. penetration, MR at 8 = 15 psi, and R-value
are presented in Table 4.3. The significance probability of the corre-
lation coefficients for K-value and CBR at 0.1 and 0.2 in. penetration
and R-value are high (0.8099, 0.9697 and 0.6418, respectively) and
correlation coefficients are 1low (0.0679, 0.0107 and 0.1309,
respectively). Therefore, no significant correlation can be obtained
between Plate Bearing Test and CBR, or Hveem stabilometer (R-value) in
this study.

The significance probability of Spearman and Kendall Tau B correla-
tion coefficients for K-value versus MR at 6 = 15 psi are low, which
means there is a good possibility of a correlation between the two
tests. In the case of Spearman, the correlation coefficient (r) is
0.53929. Therefore the determination coefficient (rz), which defines
the percent variability, is 0.29083. A determination coefficient of
only 29.083 percent of variability, means this correlation can not be
used as a predictive model.

The relationship among the laboratory test results was investigated.
The best relationship found, was between CBR and R-values for the
samples classified as A-2-4 (AASHTO). CBR at 0.2 in. penetration versus
R-value gives a correlation coefficient of 0.8333 (Spearman) with a
significance probability of 0.0102 (Figure 4.9). Care should be taken
when relating CBR and R-value because the number of test samples are

limited and there is no CBR over 28,
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Tests at Field Moisture

In this study, resilient modulus samples were formed at field
moisture, while the CBR and R-values were formed by ASTM standard
procedures. CBR 1is reported at optimum moisture content. R-value is
reported at 300 psi exudation pressure.

In order to check for a correlation at field moisture, values of CBR
obtained at various moistures for each sample were plotted versus their
corresponding moisture contents (Figures A-2 in Appendix A). From these
plots the CBR at field moisture (at 0.1 inch penetration) was obtained
for each sample (Table 4.5). |

A plot of K-value versus CBR at field moisture (Figure 4.10) indi-
cates a better correlation than K-value versus standard CBR (Figure
4.3). Spearman and Kendall Tau B correlation coefficients were obtained
for K-vaiue versus CBR at {ield moisture {Table 4.6). The determination
coefficient (rz) for K-CBR correlation is less than 0.25. No predictive
model can be based on such a low rz.

However, K-value versus CBR at field moisture for A-4 and A-6
(AASHTO) soil samples (Figure 4.11) gives better correlation coef-
ficients (Table 4.6). The linear regression between K and CBR for A-4
and A-6 soil samples at 0.1 inch penetration (K = 13.8 CBR + 80.6) gives
a determination coefficient (rz) of 0.7785, which 4s significant.
Because of the limited number of points (7), this correlaticn should be
used carefully.

The relation between K-value and CBR at 0.1 inch penetration is
reinforced when points at a common site are averaged (Figure 4,12). The
determination coefficient is improved to 0.8382.

A correiation between K-value and CBR at field moisture also exists

for 0.2 inch penetration (Figure 4.13). The determination ccefficient
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Table 4.5 CBR and R-value at Field Moisture

Sample CBR R-value
A-1 13.8 29.8
A-2 13.0 29.6
D-1 0.5 8.7
E-1 1.6 NA*
E-2 4.6 23.6
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